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Summary
Theobjectof thisreportis topresent’theresultsof tests
performedby theNationalAdvisoryCommitteeforAeronauticsto “
determinetheeffecton engineperformanceofdirectingtheflow
.
of theinletair toa 5-inchby 7-inchsinglecylinder,solidb
Y injection,compressioniomitionengine.Aftera fewpreliminary
P
tests,comparativerunsweremadeat a speedof 1500R.P.Il.with ‘
andwithoutdirectedairflow. Itwas foundttitdirectingthe
flowof theinletairtowardthefuelinjectionvalvegavestead-
ierengineoperation,andan appreciableincreaseinpower,and
decreasedfuelconsumption.The resultsindicatethepossibility
Iof improvingtheperformanceofa giventypeof combustionchai-
n?.
ber withoutchangingitsshapeandwithno changeinvalvetim-
ing. Theywouldalsoseemto
setup ‘~eforetheinletvalve
tinuesin theenginecylinder
provethatdirectionaltur’oulence,
...
of a four-strokecycleengine,con-
throughouthecompressionstroke.
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Duringthe inlet
theair flowintothe
motion,dueprimarily
IntzoductiO1’1
strokeofa compressionignitionengine,
.
combustionchamberis givena turbulent
.
to itspassagethroughtheinletvalves.
Thisturbulencepersiststhroughouthecompressionstrokeof
theengineand is of use inbringingaboutan intimatemixingof
theairandtheinjectedfuel. Forany givenenginespeedand
volumetricefficiency,increasingtheturbulencewithin
combustionchamberusuallyleadsto increasedpowerand
—
a given
decreased
fuelconsumption.
The greatdisadvantageofa solidinjection,compressionig-
. nitiontypeof engineat highspeedsis thefailureto obtain
.
completeburningof thefuelchargein theshorttimeavailable;
anyfactor,therefore,tendingto improvethecompletenessof
combustionshouldhe investigated.In thedesignofa compres-
sionignitionengineusingairlessinjectionturbulenceisusual-
ly obtainedby theshapeof thecombustionchamberandlocation
of thefuelvalve. Littleinformationis,availableon theresearch
workwhichhasbeendoneto determinetheeffecton engineper-
formanceofdirectingtheflowof theinletairofa compression
ignitionenginebeforeitspassagethroughtheinletvalve. The
usualsuppositionhasbeenthatanyattempttomaintaindircc-
S tionalturbulencewithintheenginecylinder,by directingthe
flowof theinletairbeforetheinletvalve,wouldbe destroyed
.
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l by thepassageof theairaroundtheinletvalveandthecompres-
sionof thecharge.A recentlydesignetioilengine,however,has
usedshieldedinl’etvalvestoproducerotationof theinletair
tangentialto thecircumferenceof thecylinder(Reference1).
Thetestsreferredto in thisreportwereundertakeninan
efforttowardimprovingtheperformanceofa giventypeof com-
bustionchamber.
.
DescriptionofAmaratusandMethodsofTesting
Thesetestswereperformedona 5-inchby 7-inchsinglecyl-
inder,four-strokecycle,compressionighition,testengine,
coupledtoa 50-75HF.cradletypedynamometer.The cylinder
.
and cylinderheadweredesignedforfuelinjectionworkby the
l staffof theNationa,lAdvisoryCommitteeforAeronautics.The
standardNavyLibertytypeofpistonwasusedwitha specialcyl-
indertogivea compressionratioof 12.7. A balanced-valvetype
‘ofpressuregaugewasusedtomeasuremaximumcylinderpressure.
Theldcationof thisgaugein thecylinderheadis showninFig.3.
Theshapeof thecombustionchamberandlocationof thefuel
valveareshowninFigs.2 and3. Due totheconstructionf the
testengine,thefuelvalvecouldnot be placedcentrallyin the
combustionchamber.TheonlysuitablefuelvalvethatGouldbe
fittedto thecombustionspacewasonehavingan impactlipwhich
eve a flatsheetof fueltravelingacrossthecombustionclmmber.
The fuelusedin t?netestswasa goodgradeofDieselengine
9liveredtothecan-acimatedfuelkjcction
85 lb.persq.in.by a primarygearpump.
of thefuelinjectionsystemis givenina
punpat a pressureof ,
A completedescripticn
NationalAdvisory
ComnitteeforAeronauticsreport(Reference2).
Thearrangementofva,neshownin Fig.4 was insertedin the
inletstackanddirectedtheflowof theinletair intotheen-
ginecylinder.Thepositionof thevanesin relationto the
inletvalveis,shownin Fig.3.
Thefollowingprocedurewasobservedinuakingalltests.
The enginewasrunlongenoughto stabilizeoilandwaterterfiper-
atures.At thebeginningofa testrun,thepumpstroke(fuel
. quantity)wasadjustedto givetherequiredanountof fueland
thepmp tiningwasadvanceduntilthemaxirnzmpressuregauge
.
indicateda pressureof800lb.per sq.in.
Previousworkcarriedoutat theLa,boratcryhad shownthat
‘itwas impossibleto runstandardLibertyaluminumpistonswith
maxinumpressuresof 1000lb.persq.in.withoutcrackingthe
pistonpinbosses. Inordertoavoidthisdifficulty,allruns
werermdewitha maxinumpressureof
conditionreasonablepistonlifewas
Theenginepowerwasdetermined
graduatedat 002lb.intervalsanda
watchandcounter.Fuelconsumption
, the flow
800lb=gauge,underwhich
obtained.
by meansof a torquescale
magneticallyoperatedstop
wasobtainedby tininguith
a stopmtcv
.
lutionsmade
of 200 C.C.of fael. Fromthetotalmmber of revo-
durhg thefueltime,it was possibleto calculate
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l thequantityof fueldeliveredperstrokeby thepumpforany
. givensetting,Waterandoiltemperatures(out)wererecordedby
mercurythermometersandmintainedat 140°FandllO°F,respect-
ively. Duringtheteststhetemperatureof theinletairdid
notvary‘morethan5°F.
Resultsof Tests
Under”actualrunningconditionstheperformanceof theen-
ginefittedwiththeimpactliptypeof fuelvalvewasverypoor.
TheB.M.E.Pcwaslowandthefuelconsumptionwas excessive.A
continuousheavyknock
explosionpressuresto
.
at all times,however,
wasnotedevenwhenlimitingthemaximum
800lb.persq.in. Itwasfoundpossible
by varyingthepumptimingtomaintain
. maximumeqlosionpressuresof800lb.per sq.in.withouthaving
theenginedetonate.An examinationof thecarbonformationon
thepiston(Fig.5)at theendof sevenhoursrunningwithvary-
ingload,showedthatonlya smallpercentageof the injected
fuelwasbeingburned.
Afterexperimentingwithvariousratesof fuelinjection,
obtainefiby varyingthepumpplungerdiameterand thefuelvalve
openingpressure,withoutbeingableto reducethefuelconsump-
tiontoa r~sonablevalue;theexperimentwastriedofdirect-
ingtheflowof theinletair to ob=in bettercombustion.Di-
.
rectingtheflowof theinletair towardtheleftof theinlet
. valvegavesteadierengineoperation,increasedpower,andd~
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creasedfuelconsumption=Whentheinletairwasdirectedtoward
theright,however,theengineshoweda markeddecreaseinper-
formance.
Theopeningpressureof thefuelvalvewasfoundto influ-
encetheoperationof theenginewhenthevaneswereinstalled.
Thebestresultswereobtainedwitha low staticopeningpressure
of 1400lb.gaugepressure.Whenrunningwiththehigherstatic
openingpressuresof thefuelvalve,namely,2300and3200lb-
per sq.in.,directingtheinletairgaveonlya slightimprov:-
rnentinperformance.Althoughtheatomizationof thefuelwas
betteruiththehigheropeningpressure,itwasthoughtthatthe
. fueltendedto penetrateacrossthecombustionclxmberanddid
notmixwiththeair immediatelysurroundingthefuelvalve.
.
Dataforthetestsmadoat 1500R*P.M.withthevanesin-
sertedwasobtainedwitha fuelvalveopeningpressureof 1400lb..
gauge.,Withtheairvanesremoved,however,operationat this
enginespeedandwiththelowfuel.valveopeningpressurewas
veryunsteady.TheE.M.E.PQwaslowand itwasnecessarytonake
largevariationsintheengineloadtomaintain’aconstantspeed.
Thisunsteadyrunningconditionhadnotbeenexperiencedwhenus-
ingthehigherfuelvalveopeningpressurewithoutthevanesand
wasthoughtobe causedby thelackofpenetrationof thefuel
. spray.Itwasdecided,therefore,to comparetheperformanceof
theenginewith,thebestthathadbeenobtainedwhenusinga high-
.
er fuelvalveopeningpressure.Withthestaticopeningpressure
%
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of thefuelvalveraisedto 2300lb.pcr sq.in.,theoperationof
the
lb=
the
enginewassteady.Increasingtheopeningpressureto 3200
gauge,v,esfoundto givea slightincreaseinB.M.EoP~, but
fuelconsumptionwasgreatlyincreased.
Thoresultsa,representcd in theformof curvesandphoto-
graphs(Figs.1-6 inclusive),.All curvesarebasedon observed
performanceat sealevelandareplottedona basisof fuel
quantityinpoundper cycle.Thebestresultsobtainedby &i-
rectingtheflowof theinletairbeforetheinletvalvewere
madewitha fuelvalveopeningpressureof 1400lb.per sq.in.,
andaresb.ownin Fig.1. The curves‘!BestPGrformance witlnout
DirectedAir Flow[twereobtainedwitha fuelvalveOp=ingpres-
.
sureof2300lb.sq.in. Itmaybe notedthatit
.
directingtheflowof theinletair,to increase
82.0to96.0lb.persq.in.witha corresponding
consumptionfrom0.60to0.51lb./I.HP-/hr.
TR3S possibleby
theI.M.Z:P.from
decreaseinfuel
Thephotograph(Fig.6) showsthecarbonformationof the
pistonaftercompletingseventeenhourslrunningat 1500FLPaMs
The coatingof carbonwasverylightand indicatesthatthecom-
bustionwi%hinthecylinderwasgreatlyimproved,overthatshown
inFig.5,by directingtheflowof theinletair. .Theclean
.
.,
areaof thepiston(Fig.6) wasoriginallycoveredwitha very
thincoatingof soft~~Q .-:.J$p~J-n ~hic~‘f@=”” to indicatethe;-=,-
areaof thepistonov~rwhiqhi.complete:’combustionoccurred.
thecylinderwasthe
,.
c
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l
same,whethertheairwasdirectedtowardtheleftor right,the
increasedperformancewasobtainedonlywiththeairdirectedtc-
wardtheleftor tdvardtheftielvalve. Sincefuelinjection
intothecylinderdoesnotstartuntilabout30 degreesB.T.D.C.,
itwouldsecuthatanygaininperformancebroughtaboutbyin-
creasedturbulenceduringthesuctionstrokeshouldbe thesame,
whethertheairwasdirectedtowardtheleftor right. It iS
thoughtthatdirectingtheairtowardtheleft,however,swept
theproductsof combustioncompletelyawayfromthefuelvalve
andlefta chargeof relativelypureair surroundingtheinjec-
tionvalve.
Conclusions
The results
ingtheairflow
itsshape.They
of thetestsindicatea simplemeansforimprov-
ina givencombustionchamberwithoutchanging
wouldalsoseemtoprovethatdirectio~l turbu-
lencesetup beforethetiletvalvesofa four-strokecycleen-
ginecontinuesifitheenginecylinderthroughouthec~pression
stroke.
Directingtheflowof theinletairtowardthefuelvalve
gavesteadierunning,increasedpower,anddecreasedfuelcon-
sumption.Itwasfoundpossiblpby thismeansto increasethe
I.McE:FJ’ofa %inch by 7-inchsingle
compressionignition,solidinjection
1500R.P.11.from82.0to96.0lb.per
cylinderengine,having ‘
and runningat a speedof
sq.in.Thecorresponding
.l N.A.C.ADTechnicalNoteNo.242
fuel consumptionwererespectively,
Theloucstfuelconsumptionobtained
tionsVELS0.38lb./I.HP~/hr.at 73c~
enginewitlntheinletvanesinplace
provancnt.
9
0.60and0.51lb./I.HP./hr.
withtheseoperatingcondi-
I.g.E.p.Superchargingthe
shouldgiveevenbetterim-
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